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Background: Torus mandibularis (TM) is one of the most common oral exostoses. 
The presence of TMs has been correlated with high skeletal bone mineral density. 
This study aimed to evaluate the relationship between TM and mandibular bone 
quality based on the measurement of mandibular cortical index (MCI).
Materials and methods: A case-control study was designed for patients who 
attended the Department of Dentomaxillofacial Radiology at the University of 
Hacettepe for routine dental examination. Patients with TMs were defined as 
cases, and those without TMs were defined as controls. The presence of tori was 
assessed by visual inspection and digital palpation. MCI assessments were done 
based on Klemetti’s classification. The associations between the presence of TMs, 
MCI, and the parafunctional activity were assessed. 
Results: The sample consisted of 80 subjects with TMs and 80 control subjects. 
The presence of TMs was strongly associated with the parafunctional activity 
(p = 0.036) and a non-eroded mandibular cortex (MCI C1, p = 0.001). 
Conclusions: Parafunctional activity may be a factor related to the formation 
or existence of TMs. The association between TMs and mandibular morphology 
may suggest that subjects with TMs may have a higher mandibular bone quality 
compared to those without TMs. (Folia Morphol 2018; 77, 4: 736–741)
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IntroductIon
Exostoses are benign growths of the bone that 
are considered as developmental anomalies or ana-
tomical variations. Torus mandibularis (TM) is one of 
the most common oral exostoses. Mandibular tori are 
usually bilateral and appear at the canine-premolar 
region, on the lingual aspect of the mandible, above 
the mylohyoid ridge (Fig. 1). It is generally accepted 
that tori begin to develop within the third decade of 
life and tend to grow slowly in time [15]. 
The aetiology of TM is still unknown, but the 
postulated causes include genetic factors [6, 23], 
local environmental factors [2, 4, 5, 7, 16, 21, 27], 
and systemic conditions [11, 14, 21]. It has also been 
hypothesized that a possible interaction between 
these factors may surpass a certain threshold that 
determines expression of the tori [10]. 
Osteoporosis is a systemic skeletal disease charac-
terised by low bone mass and micro-architectural de-
terioration of bone tissue, leading to enhanced bone 
fragility and a consequent increase in fracture risk [3]. 
Bone mineral density (BMD) is the chief parameter to 
diagnose and follow-up patients with osteoporosis 
and is used to assess bone quantity (amount of min-
eral in bone tissue) [8]. BMD may also be considered 
as a determinant of bone quality which is particularly 
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important in jaw bones because of its relevance to 
implant planning and follow-up [12, 17].
Morphological changes involving the cortical lay-
ers of the mandible are shown to be dependent on 
age and mineral loss within the skeleton [19, 26]. 
Thus, investigation of the mandible for the signs of 
osteoporosis is often done by evaluating the thickness 
and integrity of the inferior mandibular cortex. Many 
oral indices measured on panoramic radiographs, 
such as mandibular cortical index (MCI), mental index, 
and panoramic mandibular index have been used 
in dentistry to assess the mandibular bone quality 
and to observe signs of osteoporosis [25]. MCI is the 
simplest method to determine bone quality based on 
the classification of the radiographic appearance of 
the inferior mandibular cortex [18]. 
Numerous studies have shown associations be-
tween TM, age, number of teeth and occlusal stress 
as indicated by parafunctional activity [5, 7, 16]. 
Studies on the aetiology of TM have also focused 
on the effects of genetic and systemic factors to es-
tablish associations between TM, high skeletal bone 
density and increased bone metabolism [11, 14]. 
Furthermore, a significant relationship between MCI 
and skeletal bone density has been demonstrated 
[13, 17]. The aim of this study was to establish whether 
a relationship exists between TM and mandibular 
bone quality expressed as MCI-values. The authors 
hypothesized that the presence of TM would be asso-
ciated with a non-eroded mandibular cortex. To test 
this hypothesis, a case-control study was conducted. 
MaterIals and Methods
Study design and sample
The study protocol was approved by the 
Non-Interventional Clinical Research Ethics Board 
of Hacettepe University. The study population was 
composed of subjects over the age of 20 years, 
who attended the Department of Dentomaxillo-
facial Radiology at the University of Hacettepe 
between January and June 2015 for routine dental 
examination. The purpose of this study and its 
procedures were described to the participants, and 
informed consent was obtained from each patient 
before distributing the clinical examination form. 
The patients presenting with TMs were defined 
as cases, and those without TMs were defined as 
controls. 
Inclusion and exclusion criteria
All patients included in the study had been indi-
cated for panoramic radiographic examination for 
the purpose of oral diagnosis or treatment plan-
ning. During the oral examinations, dental status 
of the patients was assessed based on the modified 
version of the Eichner index (EI) [27]. Subjects who 
had occlusal contacts in the premolar and molar re-
gions of both jaws (EI Class A) were included in this 
study. Patients who had systemic disorders or local 
pathology that could affect the assessment of MCI 
or TM were excluded. Furthermore, patients who 
had medications that affect bone metabolism were 
excluded from the study.
Figure 1. Bilateral mandibular tori.
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Definition and selection of cases and controls 
The authors identified subjects who had TMs 
based on the clinical examination. Each patient was 
clinically examined by two examiners (N.K. and L.B.C.). 
Both examiners were familiar with the presence of 
tori. The existence of TM was recorded upon verifica-
tion by visual inspection and digital palpation. Small 
thickenings or a questionable TM were considered as 
a normal lingual outline. 
Control group consisted of subjects without TM 
who were randomly selected from the same popula-
tion. Control subjects were similar to cases in terms 
of age and gender. Subjects were excluded from the 
control group if they had TM.
The primary outcome variable of the present study 
was the presence of TMs. The following predictor 
variables were recorded: age, gender, MCI, and the 
parafunctional activity.
Data collection
Parafunctional activity. Parafunctional habits in-
vestigated in this study were diurnal and nocturnal 
bruxism. The patients were interviewed to determine 
if they had an awareness of clenching or grinding 
during the daytime or were informed about clench-
ing or grinding sound during sleep by their partners 
or others [16, 27]. The report of the presence of any 
of these criteria were considered positive for the 
parafunctional activity.
Radiographic analysis. Panoramic images of the 
patients were obtained by an Orthophos XG 5 (Sirona 
Dental Systems, Bensheim, Germany) and a Veraview 
IC5 HD (J. Morita MFG. Corp., Kyoto, Japan) pano-
ramic machine. Images were transferred to the digital 
archiving system (Turcasoft Software Ltd., Samsun, 
Turkey).
Radiographs with poor density and contrast and 
with patient positioning or head alignment errors 
were excluded from the study. Radiographic analysis 
was performed independently by two oral radiol-
ogists (L.B.Ç. and N.K.) after completing all clinical 
examinations.
The morphology of the mandibular inferior cor-
tex was determined by observing both sides of the 
mandible distally from the mental foramen according 
to the criteria defined by Klemetti et al. [18] (Fig. 2):
 — C1: The endosteal margin of the cortex is even 
and sharp on both sides;
 — C2: The endosteal margin of the cortex shows 
semilunar defects (resorption cavities) with cor-
tical residues one to three layers thick on one or 
both sides;
 — C3: The cortical layer contains heavy endosteal 
cortical residues and is clearly porous.
For the evaluation of the intra- and inter-observer 
variability, 40 radiographs were randomly selected, 
and MCI measurements were repeated at the interval 
of 2 weeks. The Kappa statistic was used to evaluate 
intra- and inter-observer agreements.
Statistical analysis
The statistical analyses were performed using IBM 
SPSS Statistics for Windows, version 17.0 (SPSS Inc., 
Chicago, IL, USA). The independent samples t-test was 
used to compare the age distribution of two groups. 
Associations between TM and each of the variables 
were assessed based on the χ2 test. Variables with 
a significance level of less than 0.20 were selected for 
unconditional logistic regression analysis [5]. The 
Hosmer-Lemeshow test was used to analyse the mod-
el adjustment. Risk estimates were calculated and 
presented as odds ratios (ORs) with 95% confidence 
intervals (CIs). Results were considered significant if 
p < 0.05. 
results
The study sample consisted of 80 subjects with 
TMs (30 male and 50 female) and 80 control subjects 
(36 male and 44 female). The case group had a mean 
age of 35.7 ± 11.5 years (range: 21–68 years) where-
Figure 2. Mandibular cortical index; C1 (A), C2 (B) and C3 (C) categories.
A B C
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as the control group had 36.1 ± 11.3 years (range: 
21–68 years). No significant difference was found 
between groups by age (χ2 test, p = 0.88) or gender 
(χ2 test, p = 0.42). The characteristics of the case and 
control groups are presented in Table 1. 
There were two categories of MCI detected: 
C1 (n = 35; 21.9%) and C2 (n = 125; 78.1%). Regarding 
MCI assessments, the Kappa values for the intra-ob-
server agreements were 0.93 and 0.94. The Kappa 
values for the inter-observer agreements in the first 
and second sessions were 0.82 and 0.93, respectively. 
Forty-seven (29.4%) subjects were classified as 
having parafunctional activity. Significant differenc-
es were observed between case and control groups 
regarding parafunctional activity (p = 0.005; Table 1) 
and MCI (p < 0.001). 
Logistic regression analysis revealed that the pres-
ence of TMs was strongly associated with the parafunc-
tional activity (Table 2; OR 2.25; 95% CI 1.03–4.90; 
p = 0.036) and a non-eroded mandibular cortex 
(MCI C1; OR 6.26; 95% CI 2.30–17.05, p < 0.001). 
Although the variables “age” and “gender” showed 
no significance, they were kept in the model as the 
adjustment worsened when they were removed 
(Hosmer-Lemeshow test; χ2 value = 3.67, p = 0.72). 
dIscussIon
The main objective of the present study was to 
identify whether there is an association between the 
presence of TM and the mandibular bone quality 
which was expressed as MCI. Results of this study 
confirmed our hypothesis that the presence of TMs 
is associated with non-eroded mandibular cortices 
(C1 category of MCI). This finding is important because 
there has been very little research reported on the 
association between TM and mandibular morphology 
[1, 4, 24]. The present study also provided informa-
tion about the relationship between TM and the 
parafunctional activity, which has been demonstrated 
by numerous studies [4, 5, 16, 21]. 
In previous studies on the prevalence of TM, age 
and the number of teeth were found to be related 
to the presence of TMs [7, 22]. In the present study, 
the cases (subjects with TMs) and controls (subjects 
without TMs) were similar in age, gender, and dental 
status, which provided controlling for the potential 
effects of these variables. Nevertheless, regarding 
the relationship between gender and TM, results 
from a study in a Turkish population showing similar 
detection rates of TM between males and females 
suggest that sex has an insignificant effect on the 
prevalence of TM [24]. 
The reason behind the selection of the patients 
over the age of 20 years in this study was related to 
the hypothesis that tori begin to develop within the 
third decade of the life, that is, approximately the 
time that peak BMD is reached. 
Mandibular cortical index is a simple method to 
assess mandibular morphology and the possible signs 
of osteoporosis based on the evaluation of the cortical 
shape of the mandible [18]. The use of the MCI scale 
(C1–3) in determining a low bone mass and in the 
Table 1. Characteristics of case subjects and controls
Characteristic Cases 
(n = 80)
Controls 
(n = 80)
P
Age [years]: 0.887
21–30 30 28
31–40 28 27
41–50 11 17
> 50 11 8
Gender: 0.423
Female 50 44
Male 30 36
Parafunctional activity: 0.005
Yes 32 15
No 48 65
Mandibular cortical index: < 0.001
Non-eroded (C1) 29 6
Eroded (C2) 51 74
Table 2. Odds ratios for the association of variables with 
presence of torus mandibularis
Variables P Odds 
ratio
95% confidence 
interval
Age [years]:
≤ 40 0.872 1.06 0.50–2.22
> 40 1
Gender:
Female 0.602 0.83 0.41–1.67
Male 1
Parafunctional activity:
Yes 0.036 2.25 1.03–4.90
No 1
Mandibular cortical index:
Non-eroded (C1) < 0.001 6.26 2.30–17.05
Eroded (C2) 1
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assessment of the quality of the mandibular bone has 
been validated as a surrogate for BMD measurements: 
a non-eroded cortex (C1 category of MCI) is indicative 
of high systemic and mandibular bone density [13, 
18]. The present study demonstrated excellent observ-
er agreements regarding the MCI assessments. This 
finding is consistent with previous studies reporting 
MCI is highly repeatable [9, 18, 20]. 
The C3 category of MCI was not observed in this 
study, which might be related to the age character-
istics of the sample (mean age: 35.9 ± 11.3 years). 
Because the first signs of bone loss start around the 
age of 30 years, age-related changes in bone might 
not be reflected in this patient sample yet. 
Consistent with the literature, the present study has 
also found an association between parafunctional ac-
tivity and the presence of TMs [4, 5, 16]. This finding 
supports the suggestion that parafunctional stresses may 
be involved in the formation or existence of TMs [4, 5].
The interaction demonstrated between TM and 
MCI in this study may imply that developmental or en-
vironmental factors involved in the regulation of bone 
quality could play a role in the formation or existence 
of TM. To our knowledge, only two studies have ex-
amined the relationship between TM and MCI [4, 24]. 
Results of this study showing an association between 
the presence of TM and a non-eroded mandibular 
cortex (C1 category of MCI) is compatible with the 
findings of a case-control study by Cortes et al. [4]. 
However, the authors did not describe a method that 
had been used for controlling the effect of dentition 
in their study. The study of Uysal et al. [24] used 
a cross-sectional design to investigate the relation-
ship between TM and MCI, but failed to establish an 
association. A case-control study [1] was intended to 
investigate the association between TM and MCI but 
used a different method to evaluate MCI, which refers 
to the panoramic mandibular index [20]. 
Although recent knowledge about TM implicates 
the role of genetic and local factors on the forma-
tion and the existence of tori, the exact aetiology 
of these overgrowths remain unclear. Our findings 
showing an association between the presence of TM 
and a non-eroded mandibular cortex (C1 category 
of MCI) suggest that subjects with TM may have 
a higher mandibular bone quality compared to subjects 
without TM. The assessment of the presence of TMs 
as a potential indicator of mandibular bone quality 
might be useful in treatment planning for implants 
and regenerative procedures.
Limitations of this study
Limitations of this study include its case-control 
design which can only provide evidence of an associ-
ation but not a causal relationship. Further longitudi-
nal studies are needed to explore whether a subject 
with parafunctional activity would develop TM or 
not. Furthermore, a direct evaluation of bone quality 
(such as biochemical markers, microradiography, or 
histomorphometry) was not performed in this study. 
conclusIons
Parafunctional activity may be a factor related to the 
formation or existence of TM. The association between 
TM and mandibular morphology may suggest that 
subjects with mandibular tori may have a higher man-
dibular bone quality compared to those without TMs. 
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